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INTRODUCTION.
As  described  in the  preceding  article  of  this  series  (Foot,  1922),
it  appears  that  the  spleen,  liver,  and  bone  marrow  play  the  most
important  part in  the production  of  the macrophages  found  free in
the meningeal  vessels  of rabbits affected with  experimental  tubercu-
lous  meningoencephalitis.  The  lungs also  show  slight  proliferative
changes  of the endothelium,  but this might be due to the stimulating
effect  of  the injected ink, or  the general  tuberculous  infection.  One
means  of  more  sharply  localizing  the  source  of  these  macrophages
would  be  to  extirpate  the  organ,  or  organs  suspected  of  producing
them  and  to  observe  what  happened  as  a  result.  Of  the  organs
named,  the  spleen  alone  could  be  extirpated,  and  this was  done,  in
the  expectation  that  the liver  and  bone  marrow,  or  the  lymphatic
organs,  would  compensate  for  the  loss,  or  else  that  the  supply  of
circulating macrophages  would be reduced materially.
However,  when  the  organs  just  mentioned  were  examined  after
splenectomizing  these  tuberculous  rabbits,  it  was  found  that  the
lungs  showed  profound  and  uniform  changes,  while  the  liver,  bone
marrow,  and  lymphoid  tissue  remained  in a  condition  quite  similar
to  that observed  in  control  animals.  It  is  generally  accepted  that
by far the greater part of  the colloidal ink  injected into  the veins  of
experimental  animals  is  to be  found  distributed  in the liver,  spleen,
bone marrow,  and  lungs,  in  the order  named.  Drinker  (1921)  and
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his  associates  found  this  also  to be true  in the  case  of  injections  of
manganese  dioxide, with the exception of one animal out of a series  of
mammals,  birds,  and  amphibians,  that  animal  being  the  cat.  In
the last instance,  this material  was, at first,  largely  absorbed by the
lungs,  the  other  organs  taking  up  a  far  smaller  percentage.  Later
the  manganese  became  redistributed  and  the  amount  found  in  the
lung fell below that determined  to be present in the liver.
After removing the spleen of the rabbit it is readily seen at necropsy,
on  gross  examination,  that  the  distribution  of  the  intravenously
injected ink has been altered.  The lungs are far blacker than those of
control  animals,  tuberculous  or  otherwise,  the liver  somewhat  paler,
while the bone marrow appears  to contain the usual amount.  This is
readily confirmed by the microscope;  the ink is found  to be taken up
by innumerable  macrophages  in the  lung,  both in situ in the endo-
thelium  of the capillaries  and larger vessels  and lying grouped in the
lumina  of the capillaries,  whose  walls are  thickened  and show ample
evidence  of  proliferation.  The  liver,  on  the  other  hand,  while  it
shows a liberal distribution  of ink in cells in the sinusoids,  is no more
heavily charged  than  in the controls.  As  for  the bone marrow,  the
endothelium contains no more ink than does that of the controls.
EXPERIMENTAL.
This being the case, it would be well worth while to follow up such a
lead  in  a  series  of  animals  under  more  normal  conditions,  in  which
there is no tuberculous infection  and to  compare  them with the series
already  briefly  described.  The  rabbits used  in this  experiment  are
divided  into  four  groups:  a  control  group  (A)  of  three  animals,  a
second group  (B)  composed  of  the four  animals from the experiment
on  cerebral  tuberculosis,  a  third group  (C)  of  three  splenectomized,
non-infected rabbits,  and a fourth group  (D)  comprising two splenec-
tomized  rabbits  into  which  manganese  was  injected  intravenously,
instead  of  ink.
Group A.-Three  rabbits  were  used  for controls,  one  of them  receiving  5  cc.
of  50 per cent Higgins'  waterproof  ink  in distilled water  intravenously,  followed
by similar doses 3  and 5  days later, making a total of  15  cc.  of the ink mixture.
It  was  killed  2  hours after  the  last dose.  The dosage  of  the  other two  rabbits
was regulated by that of the first pair of animals in Group B; they  received  5 cc.
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into an ear vein,  followed  by three similar  doses at intervals of 4, 7, and 11 days,
and  were  killed by  chloroforming  immediately  after  the  last dose had been  ad-
ministered.  They showed no ill effects from  the injection.
At necropsy  the first and  third rabbits showed  the usual  changes following ink
administration:  lungs gray,  or iron-gray,  liver  black, spleen  black, bone  marrow
black, and kidneys grossly unchanged.  The lungs of the second rabbit, however,
were  black, the liver, spleen,  and bone marrow black, and the kidneys unchanged.
Group B.-Four rabbits  were  splenectomized  under  complete  anesthesia  and
bovine tubercle bacilli injected,  through a trephine opening,  into the right cerebral
hemisphere. ' They  then  received  intravenous  injections  of 5 cc.  of  50 per cent
Higgins'  ink  in  distilled  water  a few  days  after  the  operation.  The  dose  was
repeated  without  untoward  effects  on  the 4th  and  7th  days,  but upon  adminis-
tration  to two of the  rabbits on the Ilth day after the first dose, both died within
a  few  minutes  with  symptoms  suggesting  cerebral  embolism.  The  other  two
rabbits  received  a fifth  dose  2 weeks  later,  which  caused  no  trouble,  but  upon
injecting a similar amount of ink  mixture into  one of them  a week  later, it died
precisely as had the other  two.  The  fourth rabbit was then  allowed  to go unin-
jected  and  was  killed  8  weeks  after  the administration  of  the  initial  dose,  the
object being to allow time for the redistribution  of the injected material and the
possible removal  of absorbed  ink from  the lungs to other organs whither it might
be traced.
The  gross  findings  at necropsy,  in  this group,  have already  been described  in
the  introduction.  Apparently  we  have  an interesting  effect  of  splenectomy  on
these rabbits; namely, inability to handle  the injected  ink after a certain amount
has  been  given,  with  consequent  death  from  cerebral  embolism.  Ink  emboli
were found in the cortical precapillaries  of all  three animals dying after injection,
none  being  found  in the  fourth,  which  was  killed by  chloroform  and the intra-
arterial  injection  of  Zenker's  fluid.  Such  deaths  from  ink  embolism  are  very
unusual;  it has happened  but two or  three times  in the course  of some hundreds
of  injections and  then usually  only when  the ink  was  administered  in far larger
quantities.  It  is  obvious  that  the  amounts  of  ink  given  the  splenectomized
animals were  moderate and  that the injections were  separated  by ample intervals
of  time.  In  view of  the  fact  that  the  experiment  was  repeated  in  exactly  the
same  way,  with  the  omission  of  the  injection  of  tubercle  bacilli  and  cerebral
injury,  in Group  C, without a single  death, it would appear that cerebral  tuber-
culosis is the determining  factor  for this  phenomenon,  although  why  this  should
be so remains  unexplained.
Group C.-Three rabbits  were  splenectomized  and  the ink mixture  was  given
as just described in the preceding group.  One rabbit  was killed 1 hour after the
first  injection, to determine  the  immediate distribution of  the ink; the other two
were  injected in precisely  the same manner as were those  of Group B  which  died
after  the fourth  injection.  In  the  case  of  these  two  rabbits  no  ill  effects  were
l See  Paper VI (Foot,  1922).
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noted after  four  injections  of  5  cc.  each  of  the  ink  mixture,  other  than  slight
dyspnea.  3  days later  each  was given  10  cc.  of the  mixture,  intravenously,  the
dose  being repeated  2 days later without  any bad result, making a total of 40 cc.
instead  of  20  cc.  of  the  mixture  of  ink and  distilled  water.  The  rabbits  were
killed with chloroform a few  hours later, and  their tissues were fixed immediately
in Zenker's fluid.  The same bottle of ink was used for these larger injections that
was employed  for the four rabbits in Group  B.
All three  animals  showed  a blackening  of the  lungs and liver,  the  1 hour rab-
bit's bone marrow  was brownish  red, that of the other  two black.  The kidneys
of the  1 hour rabbit  showed  no gross change,  those  of  the others were  grayish  in
the cortical zone.
Group D.-In  order  to determine  the  distribution  of particulate  matter after
the lapse of an hour, in such splenectomized animals, and to compare it with that
in normal rabbits, the following experiment was performed.2 Two splenectomized
rabbits  were  anesthetized  and  injected  with  salts  of  manganese  suspended  in
Ringer's  solution.  One  of them  received  20  cc.  of  a  suspension  of  manganese
dioxide,  containing  approximately  2.1  mg.  of Mn,  into  an ear vein.  The other
was  given 35  cc. of a similar  suspension  of Rhodonite  (manganese metasilicate),
containing  about  2.1  mg.  of Mn.  Analysis  of  the liver  and  lung,  after  1 hour,
showed 0.76  per cent Mn in the lung, in the case  of the dioxide  and  1.02 per cent
in that of the Rhodonite.  The livers  showed 98  and 61.8  per cent respectively.
These figures do  not deviate  from  the normal  sufficiently  to show  any difference
attributable to the splenectomy.  Microscopic examination  shows a very different
picture  from  that  obtained  after  the  administration  of  Higgins'  ink.  There  is
no visible  reaction to the presence  of the manganese  particles,  on the part of the
endothelium,  showing  that they are  much less stimulating than the ink  globules.
It  is  therefore  doubtful  whether  the cases  are  parallel.  For a  description  of the
technique used  in  this group the  reader  is referred  to the article by Drinker  and
Shaw  (1921).
The  Altered  Histology in  Splenectomized  Animals.
Lungs.-As  compared with control specimens  (Fig. 1),  the lungs  of
the  splenectomized  rabbits  show  certain  definite  changes.  On  the
whole, there is a  resemblance  to  the lung  of  chronic  passive  conges-
tion;  the  alveolar  walls  are  thickened  and  the  capillaries  tortuous
and engorged  with innumerable  mononuclear  cells  containing  ink in
quantities  sufficient  to mask  completely  everything  but  the nucleus
(Figs.  2  and  3).  The  thickening  of the walls  is due  to a  swelling  of
the endothelium  of the capillaries and to a lesser degree  to  an accum-
2 Mr. Louis A.  Shaw,  of the Department  of Industrial  Medicine of this School,
kindly performed  this experiment.
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ulation  of  primitive,  mesenchymoid  cells  in  the  interstitial  tissue.
Furthermore,  the  endothelium  is liberally  besprinkled  with particles
of  ink.  The nuclei  of  the capillary  endothelium  are  swollen and  in-
creased  in  number,  the  cells  crowded  together  with  their  nuclei
forming chains.  Mitotic figures are present, though rather difficult to
find,  situated  in the  sessile  endothelial  cells  of  vessels.  Amitosis  is
suggested by the presence  of large, lobulated  nuclei, resembling  those
of tumor giant cells (Fig. 4),  such as occur so frequently in Hodgkins'
lymph  nodes.  What  their  presence  denotes  is  not  clear;  they  are
encountered  occasionally  in the lungs of control rabbits.
The  ink-laden  macrophages  tend  to  clump  together  in masses  in
the large capillaries that are seen, in cross-section, projecting into  the
alveoli.  They often  occlude  these vessels without,  however,  causing
any inflammatory  changes in their walls  (Fig. 5).  There  is no fibrin,
nor are there masses of blood cells or platelets; apparently  these plugs
are  quite inert.  They have persisted in this  situation  8  weeks after
the first injection,  6 weeks  after  the last,  in  one  rabbit of  Group  B.
Some  of  these  cells migrate to the peribronchial  lymphatics  (Fig.  6),
but the majority remain in the capillaries.  It  is highly probable that
they  are  no  longer  composed  of  discrete  cells,  but  of  cells  fused  to
form  syncytial masses.  This process is more clearly seen in the liver;
in the lungs it is difficult to make out the cell boundaries on account of
the large amount of ink in the cytoplasm  of these clumps.  The  cells
containing  ink  vary  from  small  forms  to  very  large,  mulberry-like
types.  All stages between the two are to be found; some  cells contain
but little ink, others a moderate degree, while others are engorged with
it.  The  smaller  the amount of ink,  the smaller the cell is,  as a rule;
the larger the number  of globules of ink, the larger  the cell.  It is not
possible  to divide  these cells into two clear-cut  types by means  of the
methods  employed here; that they are  composed of  two such  classes,
monocytes  and  macrophages  (Simpson,  1922),  seems  unlikely.  It
appears that they represent the same cell in various phases of develop-
ment  or  repletion.  The  larger  vessels  show  many  free,  ink-laden
macrophages  and few  free from  ink, if  the lung be examined  shortly
after  injection;  in  lungs  observed  6  weeks  after  the  last  injection
many  of  the  larger  veins  are  thronged  with  compact  mononuclear
leucocytes  resembling  Simpson's  monocytes  and  free  from  ink.
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Besides  these, there  are a good many ink-bearing  cells still free in the
larger vessels  (Fig.  7).  These contain  varying amounts  of ink.  The
only other cells in the lung found to contain ink at this time are those
blocking the larger  capillaries  and the sessile endothelium  of the pul-
monary  capillaries  in  general.  One  may  infer  from  this  that  the
ink bearers  are  thrown  off  gradually  into  the  larger  vessels  by the
endothelium.
The alveolar spaces of the lungs in these rabbits are, for the greater
part,.narrowed  and  compressed  by the  thickening  of  their walls and
by  the  encroachment  of  capillaries  engorged  with ink-laden  macro-
phages.  Here and there compensatory emphysema makes up for this
diminution in the air capacity.  The macrophages, when ink-laden, do
not tend to enter the alveolar spaces to any marked extent; they either
remain  in  the  capillary  plugs  already  described,  or  migrate  to  the
peribronchial  lymphatic tissue (Fig. 8), where they form black masses
in the peripheral sinuses of the nodes,  or they appear to be thrown off
into the  blood  stream  to lodge  elsewhere,  a  phenomenon which  will
be  discussed  later.
The  microscopic appearance  of  the lungs of  the rabbits in Group  C
does not differ from that in Group B, except that those receiving larger
amounts  of ink  (40 cc.)  show greater numbers of ink-bearing  cells and
larger  clumps of these  cells in the capillaries.  1 hour after  one injec-
tion of 5 cc. the lungs already contain an abnormal amount of phagocy-
tosed ink, as well as emboli, or plugs, of uningested carbon  (Fig. 9).
Liver.-The  livers  of  these  animals  do  not  show  a  very  marked
deviation  from the normal standard established in the controls  (Figs.
10  and  11).  Two facts,  however,  stand  out rather  clearly.  In the
splenectomized animals there are numerous mitotic figures in the cells
of the parenchyma,  one of which is shown in Fig. 11,  and the macro-
phages show  a marked  tendency  to be rounded  in form with  the ink
distributed peripherally  in their cytoplasm.  Little ink is seen in the
endothelium  of  the sinusoids,  as  compared with  that of  the controls.
The  ring-forms,  with  peripherally  distributed  pigment,  have  been
described  by  Evans,  Bowman,  and  Winternitz  (1914)  and  by
McJunkin  (1919),  in  non-splenectomized  animals;  they  seem  to  be
more  numerous  in  the  splenectomized  rabbits.  After  6  weeks  the
ink-bearing  macrophages  show  a  tendency  to  migrate  to  the  lym-
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phatics  of  Glisson's  capsule  and  there  to form  syncytia.  Some  ink
penetrates  the liver cells,  as has been  noted by various investigators
and by the writer  (Foot, 1921).
Bone Marrow.-Here, too,  if  there be any deviation  from the con-
trol standards, it is in the direction  of a diminution in the amount of
ink found in the endothelium of  the marrow.  The cells containing it
tend to form  the same  rounded clumps  mentioned  in the case  of  the
lung  and  liver,  losing  their  reticular  arrangement.  In  controls  the
reticular  form  is  retained,  the  cells  remaining  elongated,  polygonal,
and  anastomosing.  How  this  variation  is to  be  interpreted  is  not
clear;  it  is  certain,  however,  that  the  marrow  does not compensate
by increased phagocytic  activity for the loss of the spleeh.
Kidneys.-In the kidneys  the macrophages  gather  at first  in  the
glomerular  tufts,  in rounded  or elongated  masses; in later stages the
glomeruli show less and  less ink, while  the endothelium  of  the inter-
tubular  capillaries  shows  increasing  amounts.  There  is  somewhat
more ink in these kidneys than in those of the controls, but the differ-
ence is not marked.
Brain.-Very little ink is  absorbed in this  organ  and, as time goes
on, it is difficult  to find it anywhere  except widely  and sparingly  dis-
tributed  in the meningeal  capillary  endothelium.  In  those  rabbits
dying  from  the injection  of  ink,  the precapillaries  of  the  cortex are
found plugged  with ink emboli,  which  are unassociated  with cellular
structures;  apparently  a purely  mechanical  agglomeration  of  carbon
particles has taken place.  These plugs are very numerous and seem
to  account  for  the  death  of  the  animals  more  clearly  than  do  the
cellular plugs in the pulmonary capillaries;  the former are found only
in  the animals that died  after injection,  not in any  of the  others ex-
amined,  while  the  pulmonary  plugs  are  found  in  all  of  the  rabbits
injected with ink.
Abnormal  Ink  Distribution in  a  Control Animal.-The  second
control  rabbit in  Group A shows a peculiar  condition.  The lungs are
grossly  black;  microscopically  they  are  found  to  be  thickened  con-
spicuously,  the  endothelium  is swollen  and  ink-laden,  and the  inter-
stitial tissue is much increased.  The liver contains less ink than nor-
mally and  the spleen  very much less.  The  kidneys also show  more
ink  than  usual.  It  is apparent  that  the  animal  has had  some ante-
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cedent  pulmonary  infection,  possibly  snuffles,  resulting  in  a  great
increase  in interstitial  tissue  at  the  expense  of  the  alveolar  spaces.
The cells of this  tissue are primitive in type,  swollen,  and have taken
up abnormal  amounts  of  ink;  at the  same  time  the  spleen  has  ab-
sorbed much less than normally.  This can be interpreted in two ways
--either the  spleen,  in failing  to withdraw  a normal  amount  of  ink
from the  circulation  has thrown it into the lungs,  precisely  as in the
case  of  the  splenectomized  animals,  or  the  pulmonary  endothelium
has become  more  actively phagocytic  and  withdrawn  the  ink before
the  spleen  could  do  so.  There  is more  evidence  in  support  of  the
latter  theory;  the  spleen  seems  to be  normal,  from  the  histological
standpoint,  and the lungs are definitely  abnormal and appear to have
been the site of an inflammatory  process.
DISCUSSION.
The  literature  on  experimental  splenectomy  will  be  found  ably
reviewed  by  Pearce  (1918),  who  traces  the history  of  the operation
back to the ancient  Greeks and brings it up to modern times.  There
is little in this literature bearing upon the absorption of  foreign  mate-
rial from  the blood after the spleen has been  removed.  Most  of  the
work done has been focused upon the spleen as an activating organ for
biliary, gastric, and pancreatic  secretion, or for the regulation  of peri-
stalsis,  or the appetite and rate  of growth.3 This is because  Schulze,
in  1828,  believed  that he  had produced  alterations  in  the  secretion
of  bile  by  splenectomy  and  because  the  spleen  becomes  swollen
during  digestion.  Pearce  quotes  from  the  various  investigators  at
some length.  His own  experiments  are  concerned  with  the  effect of
splenectomy  upon  the biliary  secretion  and  hemolysis,  in  sensitized
animals.  He  finds  that  the  lymph  nodes,  hemolymph  nodes,  and
bone marrow assume  the function  of phagocytosing  disintegrated  red
cells,  after splenectomy,  and  believes  that  they  also  aid  this  organ,
normally, "in times of stress."  He also mentions several investigators
who  have  found  such  compensatory  hypertrophy  of  the  lymphatic
apparatus.  Nowhere  is  the  lung  mentioned  as  a  compensatory
phagocytic organ.  There is nothing in the present experiment to show
3 See also Mollow  (1921),  Prym (1911),  and Smith and Ascham (1921-22).
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that Pearce's  observations  on the phagocytosis  of erythrocytic  debris
have any bearing  upon the fate  of colloidal  ink,  a very  different  sub-
stance; the lymph nodes do not compensate within 8 weeks for the loss
of  the spleen, nor does the bone marrow.
Drinker and  Shaw  (1921),  however, stress  the primary importance
of  the liver as a phagocytic organ; even in the cat, after a preliminary
3 hour phase  of phagocytic  activity in the  lung, the liver ultimately
appears  to  secrete  the injected  manganese  into  the intestinal  tract,
after the material has been redistributed from the lung.  They believe
that there is an essential difference  in the phagocytic properties of the
capillary  beds  of  the lung  and  liver and  find  that the bone  marrow
plays but an unimportant part in the sterilization of the blood stream,
a fact borne out by their subsequent  investigations  with Lund  (1921).
There is some confirmation  of their hypothesis as to the importance  of
the  liver  as  the penultimate  depository  for  particulate  matter  (the
alimentary tract being the ultimate one) in the findings in the present
experiment;  redistribution  from  lung  to  liver  is  strongly  indicated,
the  presence  of  ink  globules  in the  liver  parenchyma  of  animals  in
which  the  ink  was  forced,  or  in  which  some  time  elapsed  after  its
administration,  is significant.  The  presence  of mitotic  figures  in the
liver epithelium also indicates  activity on the part of the parenchyma
of  this organ.  That  the bone marrow plays a minor r6le is also  con-
firmed.  The  experiment  with Group  D  shows  that manganese  does
not behave  like the ink within  1 hour's time,  a fact  that warns  one
not to attempt to draw too  close  a parallel  between the effects of the
two substances.
Two  articles  that  have  appeared  recently  are  also  of  interest.
Simpson  (1922)  reports  that the  mere  injection  of  Higgins'  ink  will
call  forth  "showers"  of  ink-laden  macrophages  in  the  circulation,
more often and more  copiously in the venous  and pulmonary  than in
the systemic.  She concludes  that they  are poured out by the spleen
and  liver,  or  that  they  are  backed  up  from  the  clogged  pulmonary
capillaries.  She  accepts  Kiyono's  (1914,  a,  b) evidence  that  they
are  produced  by the endothelium  or  the  reticuloendothelium  of  the
hematopoietic  organs,  the  "specific  endothelia"  of  Evans  (1915).
It  is hard  to account for  the  origin  of the macrophages  found  in the
lungs in the present experiment if it is not the pulmonary  endothelium
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itself;  the spleen  has  gone,  the liver  shows little or no activity in the
sinusoidal endothelium,  and the reticulum  of  the bone marrow is not
proliferating.  Such  proliferation  is  marked in the pulmonary  endo-
thelium,  as evidenced  by  swelling,  increase  in  the number  of  nuclei,
and the presence  of mitotic figures.
The other article, by Westhues  (1922),  refers  to the lung as a filter
bed  for  the  macrophages  produced  elsewhere  in  the body.  He  be-
littles the phagocytic  capacity  of the pulmonary endothelium,  basing
his  assumption  upon  experiments  carried  out  with  mechanically
suspended  India  ink.  He  either  overlooks,  or  misunderstands  the
importance of adding an emulsifying agent (such  as gelatin  or acacia)
to the ink, a fact repeatedly stressed by McJunkin  (1919),  the origina-
tor  of  this  technique,  and  by  myself  (Foot,  1920,  1921).  He  also
appears to have missed Permar's  (1920-21, a, b, c) excellent articles on
pulmonary  phagocytes.  A glance  at Fig. 2 will show  that the endo-
thelium  of  the  lung  is  actively  phagocytic  for  such  a  colloidal
suspension.
SUMMARY.
The  changes  in  the  distribution  of  intravenously  administered
colloidal  ink  in  splenectomized  rabbits  may  be  interpreted  some-
what  as  follows:  The  removal  of  the  spleen  throws  an  increased
amount  of  ink  into  the  other  hematopoietic  organs  and  the  lung
and  liver.  While  we  should  expect  the  liver  or  the  bone  marrow
to compensate  for the loss of the spleen and  to take up this ink  and
remove it from the circulation, that is not the case.  The lungs appear
to play  the chief  part in the process,  slowly passing  on  the removed
material,  contained  in macrophages,  to  the liver,  or retaining  these
ink-laden  cells in their  tissues and  capillaries.  By an increase  in the
capillary  endothelium  and  by a process  of  engorgement  of the  capil-
laries with cells presumably derived therefrom, the lungs remove by far
the greater part of the  foreign material that has been introduced  into
the circulation.
At the same time  there is an increase  in the number of ink-bearing
macrophages  in the lymphatics  and capillaries  of the lung, indicating
that  these  cells  are  entering  the  circulation  and  the  lymph  stream
(Fig. 8).  The only organ where  they lodge in any quantities, outside
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of  the peribronchial  lymph  nodes, is the liver, the sinusoids  of which
contain  an increasing number of macrophages  as time goes on.  It  is
possible that these cells are destroyed in the  sinusoids and  the carbon
transferred  to  the liver epithelium;  there  is  evidence  to support  this
assumption.  After  the lungs,  the liver  comes  next  in  degree  of  in-
tensity of pigmentation;  the bone marrow contains far less than either
of these organs.
CONCLUSIONS.
1. After splenectomy  in rabbits  colloidal  carbon introduced into the
circulation  is  removed  primarily  by  the  lung,  which  compensates
for the loss of the spleen  and contains  vastly more carbon  than  that
of a normal  rabbit.
2. The  liver,  bone  marrow,  and  peripheral  lymph  nodes  show  no
marked alteration in their phagocytic activity, as compared with those
of controls.  They do not compensate  for the loss  of the spleen.
3.  The cells phagocytosing  colloidal carbon in the lung appear to be
produced  there,  rather  than  in other  organs,  as  proliferation  of  the
endothelium  occurs  chiefly in the lung  under these  conditions.
4.  These  cells  either remain  in the pulmonary  capillaries  and lym-
phatics, or  are thrown into  the  circulation.
5.  In the latter case  there is an apparent increase  in the number of
macrophages  in the lumina  of the  liver  sinusoids,  but  nowhere  else,
indicating a transference  of carbon from lung to liver within cells.
6.  Hence it is probable that these cells are destroyed in the liver and
their content of carbon taken up by the parenchyma,  since  the latter
frequently contains carbon particles and shows mitotic activity.
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EXPLANATION  OF  PLATES.
Histological  material  fixed  in  Zenker's  fluid,  stained  either  with  Mallory's
eosin-methylene  blue or with Delafield's  hematoxylin  and eosin.
PLATE  9.
FIG.  1.  Control lung,  after  four injections  of 5 cc.  of Higgins'  waterproof  ink
and distilled water,  50 per cent, intravenously.  No splenectomy.  Ink moderate
in amount,  tending to be scattered  rather diffusely  through the  endothelium and
lying in masses in the capillary lumina.  Hematoxylin-eosin.  X 275.
FIG.  2.  Lung from a rabbit  in Group  B  after splenectomy.  The same amount
and concentration  of ink were injected intravenously  as in the preceding  animal.
There  is a  great  increase  in  the  amount of ink present;  note the  ring-like  distri-
bution.  Eosin-methylene  blue.  X  275.
FIG.  3. Lung from  another  rabbit in  Group B; the  picture  is quite  similar  to
that  in  Fig.  2.  Note  the  macrophages  in the  vessel  at  the  left  upper  corner.
Eosin-methylene  blue.  X 275.
FIG.  4.  Large lobulated nuclear  mass  near  the center  described  in  the text,
6 weeks after the  last injection  of  ink.  Dosage  the  same as  the  preceding, but
extended  over  a longer  period of time, with greater  intervals.  Eosin-methylene
blue.  X  350.
FIG. 5.  The same rabbit as in Fig. 4.  Note the size  of the cell masses contain-
ing ink and compare  with  those in Figs. 2 and 3.  The endothelium  and lumina
of the smaller capillaries are almost free from ink.  Eosin-methylene blue.  X  275.
FIG.  6.  The  same  rabbit.  Lymphatics  clogged  with  ink-laden  macrophages
alongside  a bronchiole.  Eosin-methylene  blue.  X 275.
PLATE  10.
FIG.  7.  A pulmonary  vessel  containing many  ink-laden  macrophages.  Hema-
toxylin-eosin.  X  275.
FIG. 8.  The same rabbit as in Figs. 4, 5, and 6.  Lymph vessels at the periphery
of  a  peribronchial  lymph  node.  They  are  choked  with  macrophages.  Eosin-
methylene blue.  X  275.
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FIG.  9.  The  lung  1 hour  after  injection  of  5  cc.  of Higgins'  ink  suspension
into  the  ear vein  of a rabbit  in  Group  C.  More  ink  is present  than in controls
not represented  in  the illustrations.  Eosin-methylene  blue.  X  275.
FIG.  10.  Control  liver  from  an  animal  in  Group  A,  after  15  cc.  of  ink  had
been  injected  intravenously.  The  cells  containing  ink  are  elongated.  Eosin-
methylene  blue.  X  275.
FIG.  11.  Liver from  a  splenectomized  rabbit  (the  same animal  as  in Fig.  2).
Here the ink  is in  rounded  masses  in cells  lying free in the  sinusoids.  Note  the
mitotic  figure  at the  upper center  and  the  fact that  20  cc.  of ink were  injected
into  this  animal  as  against  15  in  the  preceding  one.  Eosin-methylene  blue.
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PLATE  10.